Cholesterol internalization and metabolism in insect prothoracic gland, a steroidogenic organ, via lipoproteins.
Dietary sterols including cholesterol and phytosterols are essential substrates for insect steroid hormone (ecdysteroid) synthesis in the prothoracic glands (PGs). In the silkworm Bombyx mori, one of the model species of insects, the steroidogenesis has been well demonstrated that cholesterol biotransformation into ecdysone in the PG cells. Because insects lack the ability to synthesize cellular sterol de novo, lipoprotein, lipophorin (Lp), has been thought to be the major cholesterol supply source; however, details of cholesterol behavior from Lp to the PG cells has not been analyzed till date. In this report, we developed Lp incorporation method using labeled cholesterols such as 22-NBD-cholesterol and cholesterol-25,26,26,26,27,27,27-d7 (cholesterol-d7), and analyzed the internalization and metabolism of cholesterol in PGs in vitro using the silkworm Bombyx mori. The internalization of cholesterol was visualized using 22-NBD-cholesterol. PGs showed an enriched cellular 22-NBD-cholesterol signal, which dissociated from the Lp localizing at the close area of cell membrane. The distribution pattern observed in the PGs was different from other tissues such as the brain, fat body, and Malpighian tubules, suggesting that the internalization of cholesterol in the PGs was distinct from other tissues. The metabolism of cholesterol was traced using LC-MS/MS methods to detect cholesterol-d7, 7-dehydrocholesterol-d7 (an expected intermediate metabolite), and the final product ecdysone-d6. 7-Dehydrocholesterol-d7 and ecdysone-d6 were detected in the PG culture incubated with labeled Lp, showing that the cholesterol of Lp was utilized for ecdysone synthesis in the PGs. Our results reveal the distinct behavior of cholesterol in the PGs, with the first direct evidence of biochemical fate of lipoprotein cholesterol in insect steroidogenic organ. This will aid in the understanding of the involvement of lipoprotein cholesterol in steroid hormone synthesis in insects.